Abstract. Recent resonant bar experiments on Berea sandstone show that nonlinear excitation of the sample excites a slow dynamics with a time scale many orders of magnitude longer than the excitation period, 2•r/w. That is, a nonlinear resonant frequency decays to the linear resonant frequency long after the high amplitude drive has been turned off. We postulate a phenomenological theory of slow nonlinear dynamics in the context of a resonant bar experiment. The normalized elastic modulus of the resonant bar is allowed to be nonlinear and time dependent. The nonlinear terms are derived from a model of elasticity in rocks that includes anharmonic and hysteretic contributions. We use this theory to explain the experimental results. We find an explanation for the slow relaxation of the experimental resonant frequency using an anharmonic contribution to the modulus that responds instantaneously to a disturbance, and a contribution derived from elastic hysteresis that displays slow dynamics. We suggest an acoustic NMR-type experiment to explore slow nonlinear dynamics.
Introduction
Wave propagation in rocks has often been described by the time tested linear theory of elasticity [oeandau and Lifshitz, 1959] . At least three empirical findings suggest the need for a broader strategy in the experimental and theoretical investigation of wave propagation. (1) The cubic and quartic anharmonicities in rocks are enormous relative to those of materials successfully described by traditional theory [Johnson and Rasolofosaon, 1996] . (2) Quasi-static stress-strain measurements on rocks display hysteresis with discrete memory [Boitnott, 1993; Holcomb, 1981] sentially independent of both A and time, and (7) and (8) are unnecessary. However for F sufficiently large, the nonlinear terms on the RHS of (6) are important; the amplitudes that determine AK• and AK2 are averages of the amplitudes at earlier moments in time. Thus in a resonant bar experiment in which the frequency is changed, the response at any moment of time depends on the rate of frequency change. Since the largest amplitude changes occur with changing frequency near the resonance, for an experiment to be carried out slowly it must pass the resonance region slowly compared to r• (assuming r• > r2), i.e.,
where (dw/dt)x is the rate at which the frequency is swept and Aw is the width of the resonance curve at half power. We define the time rx to characterize an experimental frequency protocol Figure 3 where the amplitude from solution to (6)- (8) The enormous separation between time scales (the period of the fundamental is less than 0.01 sec; the time scale for slow dynamics is greater than 100 sec) suggests that many features of the slow dynamics in the nonlinearity may be probed using NMR-style experimental protocols. A preliminary illustration of such a protocol yields results similar to those found in experiment.
If rx >> rl, then A is given by (4). If rx is of order rl, then the slow dynamics becomes apparent. This is illustrated in

